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INTRODUCTION
T h e u n p r e c e d e n te d ra te at w h ic h h u m a n activities a ro u n d th e w o rld a re c a u sin g sp e cie s ex tin ctio n is a la rm in g (W orld C o n se rv a tio n M o n ito rin g C e n tre 1992, K irchner & W eil 2000). T h e p a tte rn s in th e e x tin c tio n of la rg e p re d a to ry sp e cie s o n la n d a re n o w o c c u r rin g in o c e a n s (C arlton 1993, M alakoff 1997, C a sey & M y ers 1998, C a rlto n e t al. 1999, R oberts & H aw k in s 1999, B aum e t al. 2003, M y ers & W orm 2003, 2005, B aum & M yers 2004) . In ad dition, m a rin e h a b ita t d e g r a d a tio n is re d u c in g av a ila b le living sp a c e a n d co u ld le a d to th e e x tin ctio n of o th e r sp ecies. T h a t ex tin ctio n s a re o c c u rrin g b e fo re e v e n h alf of th e w o rld 's sp e cie s h av e b e e n d e s c rib e d (M ay 1992, B arn es 1998, G o rd o n 2001) or n a m e d is e v id e n c e of a g lo b a l in fo rm atio n crisis. S u ch a g a p in o u r k n o w le d g e of th e w o rld 's b io d iv ersity is th u s a critical w e a k n e s s in th e w o rld 's 'k n o w le d g e eco n o m y '. T h e g lo b a l ec o n o m y is d irec tly (e.g. food, m aterials) a n d in d ire ctly (ecosystem services) d e p e n d e n t o n b io d iv ersity (C o stan za e t al. 1997, C ostello 2000a, 2001) . C o n sid e rin g th a t fish eries h a v e n e v e r b e e n so h ea v ily h a rv e s te d a n d th a t a q u a c u ltu re is ra p id ly g ro w in g , o n e m a y e x p e c t co n c o m itan t g ro w th in u n d e rs ta n d in g w h a t biodiversity exists in th e ocean s. H ow ever, th e re is no e v id e n c e of in c re a se d re so u rc e s to id e n tify a n d in v e n to ry m a rin e biodiversity. In d eed , m e m b ers of th e scientific com m u n ity h a v e a s se rte d th a t e x p e rtise in th e form of ta x o n o m ists a b le to identify, d e s c rib e a n d classify sp e cie s is d ec lin in g (e.g. B oero 2001, G ia n g ra n d e 2003). H ow ever, th e s e assertio n s a re an e c d o ta l a n d u n su b sta n tia te d . W h e re d a ta h a v e b e e n p ro v id ed , su ch as for C hile (Sim onetti 1997), S o u th A frica (G ibbons e t al. 1999) , th e USA (W inston 1988) a n d g lo b ally (D iversitas 2000) , th e y show th a t m o re ta x o n o m ists a re n e e d e d to a d d re ss th e m ism atch b e tw e e n th e n u m b e r of sp e cie s in c e rta in ta x a a n d th e c o rre sp o n d in g n u m b e r of taxonom ists, b u t do not d e m o n stra te a d e c lin e in th e n u m b e r of taxonom ists. O n th e contrary, in L atin A m erica, n o ta b ly in Brazil, th e re h a s b e e n in c re a se d em p lo y m e n t a n d tra in in g in ta x o n o m y since th e 1980s (C arvalho e t al. 2005) .
C learly, th e re h a v e b e e n insu fficien t taxo n o m ic re so u rc e s to d e s c rib e th e e a rth 's p re s e n t species, b u t th e re is no q u a n tita tiv e e v id e n c e of a d e c lin e in th e se re so u rc e s in th e a v a ila b le lite ra tu re . In d ee d , p u b lic a tions o n m a rin e b io d iv ersity h a v e b e e n in c re a sin g in re c e n t d e c a d e s (M oustakas & K arak assis 2005). B ecau se a ta x o n o m ist's re p u ta tio n w ill g ro w d u rin g h is /h e r lifetim e, th e fact th a t som e taxonom ic e x p e rts m ay b e re tire d or n e a rin g re tire m e n t m ay b e m o re of a reflec tio n of th e fact th a t th e y h a v e m a d e lifetim e c o n trib u tio n s to th e scien c e th a n of th e a b s e n c e of su c c e s sors; y o u n g e r scien tists h a v e n o t h a d th e tim e to b u ild u p a w id ely re c o g n ise d re p u ta tio n a n d th u s m ay b e o v erlo o k e d w h e n co n sid e rin g taxonom ic ex p e rtise . W inston (1988) cites a stu d y of tax o n o m ists in th e USA, w h ic h d e te rm in e d a n a v e ra g e a g e of 44 yr, b u t felt it w a s b ia se d b y in c lu d in g stu d e n ts. H er 'im p ressio n ' w a s th a t th e a v e ra g e a g e w a s clo ser to 54 yr.
In ad d itio n to th e a g e a n d n u m b e r of tax o n o m ic ex p e rts, o th e r m e a su re s of tax o n o m ic re so u rc e s in c lu d e th e av a ilab ility of o rg a n ise d sp e cie s inv en to ries, th e c u rre n c y of sp e cie s id en tifica tio n g u id e s a n d th e co n d itio n of sp e c im e n collections. F u n d a m e n ta l to th e m a n a g e m e n t of a n y re so u rc e is a n in v e n to ry of its p a rts a n d th e ir a b u n d a n c e . T he in v e n to ry of all sp ecies o cc u rrin g in E u ro p e a n se a s (C ostello e t al. 2001) is th e la rg e st all-tax o n m a rin e sp e cie s in v e n to ry availab le. T his 'E u ro p e a n R eg ister of M a rin e S p ecies' (ERMS) p ro v id es a m e a n s to in d ic a te in w h ic h ta x a m ost n e w sp e cie s re m a in to b e d isco v ered ; th e s e fin d in g s m ay also b e a p p lic a b le globally. In th e p re s e n t p ap e r, w e c o m p a re th e n u m b e r of sp e cie s p e r ta x o n in ERM S (C ostello et al. 2001) to th e av a ila b le e x p e rtise .
T h e m ost b asic re q u ire m e n t for p e o p le stu d y in g a n d w o rk in g o n a sp e c ts of b io d iv ersity is th e av ailab ility of sp e cie s id e n tifica tio n g u id e s. W ithout su c h g u id e s it is im p ra ctic al for m ost p e o p le to k n o w or stu d y a g ro u p of sp e cie s a n d c o n s e q u e n tly th e biology, eco lo g y a n d p o te n tia l eco n o m ic v a lu e of th e s e sp e cie s w ill re m a in u n k n o w n . P eo p le n e e d ra p id ac cess to sp e cie s id e n tific a tio n g u id e s, a n d fu n d in g a g e n c ie s a n d p u b lish e rs m u st k n o w w h ic h g u id e s a re m ost u rg e n tly n e e d e d to fill tax o n o m ic a n d g e o g ra p h ic g ap s. T hus, w e a n a ly se d th e tax o n o m ic a n d g e o g ra p h ic c o v e ra g e of id e n tifica tio n g u id e s for m a rin e sp ecies in E u ro p e from a c h eck list w e h a d p rev io u sly co m p ile d (B ouchet & M a rm a y o u 2001).
T h e g a th e rin g of d a ta in a sta n d a rd is e d fo rm at fac il ita te s g a p an aly sis (e.g. K elly & C ostello 1996, M o u s ta k a s & K arak assis in p ress). T hus, in asso ciatio n w ith p ro d u c in g ERM S, w e co m p ile d (1) a d a ta b a s e of e x p e rtise (in clu d in g e x p e rt's age), (2) 
MATERIALS A ND METHODS
ERM S w a s a 2 yr p ro jec t in v o lv in g 22 o rg a n isa tio n s a n d 170 scien tists (C ostello 2000b). G ro u p s of scien tists w ith in th e p ro ject a d d re s s e d th e w o rk d e sc rib e d below , a n d o th e rs fo cu se d o n co m m u n ic atio n w ith th e sc ie n tific co m m u n ity a n d re la te d o rg an isa tio n s, in c lu d in g p o te n tia l en d -u se rs.
S p ecies lists. T h e ERM S p ro jec t in c lu d e d sp e cie s o c cu rrin g from th e stran d lin e a n d 'sp lash zo n e' of th e in te r tid a l (littoral) th ro u g h th e su b tid a l (sublittoral) to th e d e e p sea, in c lu d in g b ra c k ish w a te rs to 0.5 salinity. T h e n o rth e rn p a rts of th e Baltic S ea a re m o re fre sh w ate r th a n b rack ish , a n d it w as left to th e d iscretio n of list com pilers w h e th e r to in clu d e th e se species. T h e stu d y a re a d efin ed b ro a d ly as 'E u ro p e a n se a s' fo llo w ed th e d a ta b a s e of E u ro p e an M ollusca (CLEMAM) ( Fig. 1) , an d th u s ra n g e d from th e N o rth Pole alo n g th e e a st co ast of G re e n la n d to Iceland, alo n g th e m id-A tlantic rid g e, across th e 26° p a r allel to th e co ast of A frica, a n d into th e M e d ite rra n e a n a n d B lack S eas. In clu sio n of th e islan d s of M a d eira, A zo res a n d C a n a rie s b ro u g h t su b -tro p ica l sp e cie s into ERMS; th e se h a d g en e rally b e e n ex c lu d e d from p revious rev ie w s of E u ro p e a n m a rin e f a u n a a n d flora. O nly taxonom ically n a m e d species, a n d species w h o se o ccu rren ce Fig. 1 . G e o g ra p h ic sc o p e of th e E u ro p e a n R e g iste r of M a rin e S p ecies (ERMS) p ro jec t. N u m b e rs of id e n tific a tio n g u id e s for e a c h of th e 3 g e o g ra p h ic a l a re a s a re sho w n . In a d d itio n , 10 id e n tific a tio n g u id e s d e a l specifically w ith th e N E A tlan tic d e e p s e a a re a in th e ERM S a r e a h a d b e e n p rev io u sly p u b lish e d , w e re in c lu d ed . Synonym s a n d o th e r n a m e s for a sp ecies w e re in c lu d e d in som e in stan c es. S altm arsh a n g io sp e rm p la n ts w e re ex clu d ed , as th e se a re g e n e ra lly in c lu d e d in te rre s tria l p la n t in v en to ries. B acteria (E u b a cteria a n d A rc h ae a) w e re also e x c lu d e d from th e p roject. W h e re rec o g n ised , co m m en ts o n th e w e a k n e s s e s of lists a re m a d e in th e p re fa c e to th a t list (C ostello e t al. 2001).
T h e se com m ents, a n d crite ria d e v e lo p e d b y M. J. C ostello, w e re u se d to score th e sta tu s of e a c h list. T h e crite ria w e re b a s e d on th e so u rce of inform ation, e x p e rtise of th e list co m p iler a n d in v o lv em en t of >1 e x p e rtin com piling th e list (Table 1) . Identification gu id es. O u r re v ie w in c lu d e d id e n tifi ca tio n g u id e s w ith illu stratio n s a n d k ey s to th e la rg e r T ab le 1. C rite ria u s e d to in d ic a te th e q u a lity of th e sp e c ie s lists co m p iled d u rin g th e ERM S (E u ro p e a n R e g iste r of M a rin e Species) p ro jec t, a n d th e n u m b e rs of lists fa llin g in to th e s e c ateg o rie s. For fu rth e r in fo rm a tio n o n sc o rin g se e 'M a terials a n d m e th o d s' m e ta z o a n g ro u p s a n d e x c lu d e d (1) sp e c ia lise d lite ra tu re d e a lin g w ith a sin g le g e n u s or family;
(2) n o n illu stra te d ch eck lists; (3) o ld lite ra tu re th a t m ay b e e s se n tia l to a specialist, b u t is u n o b ta in a b le to a g e n e ra l m a rin e biologist; a n d (4) p ro tists a n d m icrob ia. It co m p ile d all m a rin e titles in m ajo r se ries (see T ab le 4), e v e n if o u td a te d or h a r d to o b tain . P o p u lar a n d sem ip o p u la r g u id e s w e re listed se p arate ly , b u t th e y h av e n o t b e e n c o m p re h e n siv e ly c o v e re d or in c lu d e d in th e p re s e n t analysis. E xpertise. ERM S p ro jec t p a rtic ip a n ts su p p lie d c o n ta c t d etails for m a rin e b io lo g ists from e ith e r th e ir g e o g ra p h ic or th e ir tax o n o m ic a re a . Lists of m a rin e b io lo g ists from B ritain, G erm an y , G re ec e, Italy, Irelan d , S can d in av ia , S p ain a n d th e w e s te rn a n d e a s te rn M e d ite rra n e a n , as w ell as a list of E u ro p e a n e x p e rts on alg ae , w e re rec eiv e d . In ad d itio n , lists of co n tac t d e ta ils for o th e r m a rin e b io lo g ists w e re o b ta in e d from th e In te rn e t. T h e focus of th e p ro jec t w a s o n p erso n s w ith e x p e rtise in m a rin e sp e cie s from co u n tries of th e E u ro p e a n U nion a n d th e E u ro p e a n E conom ic A rea, so e x p e rtise in E a ste rn E u ro p e h as n o t b e e n assessed . A n in itial list of 1200 p e o p le from 38 c o u n tries (29 E u ro p ea n ) w ith e x p e rtis e in E u ro p e a n m a rin e sp e cie s w a s co m p ile d b y th e p ro ject. T h ese p e o p le p a s s e d th e list a n d a n ac c o m p a n y in g q u e s tio n n a ire o n to a n a d d i tio n a l 160 c o lle a g u e s w h o rep lied . O f th e to ta l of 614 re s p o n d e n ts, 590 g a v e p erm issio n for th e ir n a m e to b e e n te r e d in th e d a ta b a s e (i.e. th e y w e re still activ e a n d a v a ila b le for su c h w ork). E ac h p e rso n in th e d a ta b a s e w a s a s k e d to v erify th e ir co n tac t d e ta ils a n d p ro v id e th e ir y e a r of b irth , th e ta x o n o m ic g ro u p s in w h ic h th e y h a d e x p e rtise , th e ir lev el of e x p e rtise , th e g e o g ra p h ic c o v e ra g e of th e ir e x p e r tise a n d th e ir p ro fe ssio n a l statu s. R eq u ests w e re se n t in th e form of a s ta n d a rd q u e stio n n a ire , w ith a su m m ary of th e p ro ject. A w e b -b a s e d su b m issio n form w a s also p u t o n th e w eb , a n d a g e n e ra l call for su b m issio n s m a d e to v ario u s em ail d isc u ssio n g ro u p s. B ecau se it p ro v e d difficult to se t u n iv e rsa l criteria to d e fin e a tax o n o m ist, 2 re g iste rs w e re estab lish ed : (1) p e rso n s w ith se lf-d e c la re d e x p e rtise in th e id e n tifi c a tio n of m a rin e sp e cie s in E u ro p e a n d (2) p e e rs e le c te d sp ecialist or tax o n o m ic e x p e rts in c e rta in s p e cies g ro u p s. T h e p e rso n s p ro d u c in g lists of sp e cie s for th e p ro jec t id e n tifie d th e la tte r 'tax o n o m ic e x p e rts'.
RESULTS

S p ecies lists
A to ta l of 29 713 sp e cie s-lev e l ta x a w e re c a ta lo g u e d from E u ro p e a n seas, w ith th e q u ality of in fo rm atio n d iffe rin g for d iffe re n t tax a. It w a s n ot e x p e c te d th a t all T ab le 2. S p ecies lists in ERM S, th e p e rso n s w h o co m p iled th e m a n d a ssiste d in th e ir co m pilation, th e n u m b e r of sp e c ie s p e r g ro u p a n d a n in d ic a to r of h o w co m p le te a list is of th e d e sc rib e d sp e c ie s (from C ostello et al. 2001) . C = co n fid en t of re a so n a b le c o v era g e of all E u ro p e a n se as, in c lu d in g th e A rctic, d e e p s e a a n d B lack Sea. S e e T ab le 1 for th e sta tu s sc o rin g sy stem lic h en s a n d c y a n o b a c te ria w e re n o t com piled, a n d g e o g ra p h ic a l c o v e ra g e of th e E u ro p e a n se as w a s in c o m p le te for R otifera a n d B rachiopoda. Lists th a t w e re satisfactory, b u t th a t w o u ld b e n e fit from fu rth e r in p u t in c lu d e (1) lists th a t h a d n o t b e e n c h e c k e d b y an e x p e rt on E u ro p e a n fau n a , n a m e ly lists for th e n o ne p ic a rid Isopoda, C e p h a lo c h o rd a ta , A p p en d ic u la ria , H em ich o rd ata, H iru d in ea, G n ath o sto m u lid a a n d C te n o p h o ra a n d (2) lists k n o w n to b e p relim in ary , in c lu d in g so m e of th e ab o v e a n d se v eral for protists.
Lists w ith m a n y sp e cie s m e rit fu rth e r a tte n tio n b e c a u se it is v e ry lik ely th a t th e s e g ro u p s w ill c o n tain sp e cie s n ew ly d e s c rib e d to science, a n d /o r c h a n g e s in n o m e n c la tu re , w ith in a sh o rt tim e. T h e lists of m a c ro alg ae , P orifera a n d M ollu sca w e re d e riv e d from w elle s ta b lish e d d a ta b a se s, a n d th e lists of fishes w e re c ro ss-c h e c k e d a g a in st o th e r w o rld -w id e listings. H o w ever, o th e r la rg e lists w e re p r e p a re d for th e first tim e for th is p roject. B ecau se of th e size of th e se lists, no sin g le p erso n c a n b e a n e x p e rt o n all of th e sp ecies co v e red , a n d th e ed ito rial ta sk p e r p e r son is g re a te r. T hus, th e lists of P oly c h a e ta , A m p h ip o d a, H a rp a c tic o id a an d T u rb e lla ria m ay b e n e fit from fu rth e r review .
Identification g u id es
Of th e 842 id en tifica tio n g u id e s co m p iled, 362 titles (43 %) h a v e b e e n p u b lish e d in n a tio n a l or re g io n a l series, som e d e a lin g specifically w ith m a rin e fa u n a a n d flora (Table 3) (Table 4) , th e se se ries a re often th e g u id e s m ost fre q u e n tly u se d by n o n -sp ec ialists a tte m p tin g to iden tify m a rin e sp e cie s in E urope. T h e 'S y n o p se s of th e British F a u n a ' w a s th e m ost c o m p re h e n siv e series; it w a s e stim a te d th a t it co v e re d 80% of th e sp ecies e n c o u n te re d in n o rth e rn a n d A rctic w ate rs, a n d 50 % of th e sp e cie s e n c o u n te re d in th e M e d ite rra n e a n a n d th e A tlantic arc h ip ela g o s. O n e series w as lim ited to th e se a w e e d s of th e British Isles. For th e M e d ite rra n e a n , th e m ost co m p lete c o v e ra g e w a s b y F a u n e d e F ra n ce a n d F a u n a e F lora d e l Golfo di N apoli, b u t th e se series a re n o w la rg e ly o b so lete. W hile F a u n a Ib erica h a s a n u m b e r of titles in p re p a ra tio n , th e e a s te rn M e d ite rra n e a n re m a in s poorly co v e red . N o se ries h as c o m p re h e n sively c o v e re d th e m ajo r g ro u p s of m a c ro b e n th o s from th e A rctic to th e M e d ite rra n e a n , so a c c u ra te id e n tific a tio n of th e s e ta x a relies o n a p a tc h w o rk of g u id e s of u n e v e n reliab ility a n d r e le v a n c e to th e a r e a co n c ern ed .
T h e g e o g ra p h ic a l c o v e ra g e w a s v e ry u n e v e n (Table 4) , w ith 5 2 % of th e titles p a rtic u la r to n o rth e rn E u ro p e (the British Isles, N o rth S ea a n d S can d in av ia), 2 2 % to th e M e d ite rra n e a n a n d 11 % to th e A tla n tic -L u s ita n ia n r e g io n (Bay of B iscay to M orocco a n d th e A tlan tic a rc h i p elag o s). (The to ta l d o es n o t a d d u p to 100% b e c a u s e so m e g e n e ra l g u id e s h a v e n ot b e e n allo ca te d to a g e o g ra p h ic a l reg io n .) No se ries c o n s id e re d th e d e e p -s e a f a u n a in p articu la r. G u id es to d e e p -s e a f a u n a w e re lim -T ab le 3. A d e q u a c y of id e n tific a tio n g u id e s in n o rth e rn E u ro p e a n , o th e r A tlan tic (in clu d in g L u sitan ian ) w a te rs, a n d M e d ite rra n e a n a D a n m a rk s F arm a N o rth S ea, B altic S e a 17 1 9 1 0 -1 9 9 6 D a n ish 40 D ie T ie rw e lt D e u tsc h la n d s N o rth S ea, B altic S e a 29 1 9 2 5 -1 9 9 6 G e rm a n 60 F arm a d 'lta lia C e n tra l a n d w e s te rn M e d ite rra n e a n 6 1 9 5 6 -1 9 8 6 Italian 5
F arm a e F lo ra d e l G olfo di N ap o li W e ste rn M e d ite rra n e a n 39 188 0 -1 9 8 2 Italian 60 F arm a G ra e c ia e E a s te rn M e d ite rra n e a n 3 1 9 8 8 -1 9 9 6 E n g lish 2 F arm a Ib e ric a A tlan tic F ra n c e , Ib e ria a n d w e s te rn M e d ite rra n e a n 3 1 9 9 2 -1 9 9 6 S p a n ish 2 F arm a M a rin h a d e P o rtu g a l A tlan tic F ra n c e a n d Ib e ria 10 193 1 -1 9 3 6 P o rtu g u e se <1 F arm a v a n N e d e rla n d N o rth S e a 9 1 9 3 2 -1 9 5 6 D u tc h 20 F a u n e d e F ra n c e NE A tlan tic to N o rw a y a n d w e s te rn M e d ite rra n e a n 16 1 9 2 3 -1 9 6 6 F re n c h 20 G u id e p e r il rico n o scim en to delle sp e c ie a n im a le d elle a c q u e la g u n a ri e c o stie re ita lia n e C e n tra l a n d w e s te rn M e d ite rra n e a n 11 198 0 -1 9 8 3 Italian 15
M a rin e In v e rte b ra te s of S c a n d in a v ia N o rth S ea, B altic S ea, A rctic 10 1 9 6 6 -1 9 9 8 E n g lish 5 S e a w e e d s of th e B ritish Isles NE A tlan tic 7 19 77-1994 E n g lish 70 S y n o p ses of th e B ritish F arm a NE A tlan tic 44 1 9 4 4 -1 9 9 8 E n g lish 60 T ie rw e lt d e r N o rd -u n d O stsee N o rth S ea, B altic S e a 71 1 9 2 5 -1 9 5 8 G e rm a n 80 ite d to se le c te d g ro u p s of M ollu sca (4), T u n i c a ta (3), C ru sta c e a (2) a n d E c h in o d e rm a ta (1). T axonom ic c o v e ra g e w a s e q u a lly u n e v e n , w ith c u rre n t a n d co m p re h e n siv e id e n tific a tio n g u id e s a v a ila b le only for th e v e rte b ra te s of all of E u ro p e 's se as (Table 3) . O th e r ta x a th a t w e re w ell c o v e re d in re c e n t g u id e s w e re M ollusca, C n id a ria a n d S ip u n cu lid a. N ew g u id e s a re e sp ec ially n e e d e d for th e speciesrich, b u t sm a ll-sized ta x a, su c h as: (1) th e w o rm s P o ly ch aeta, O lig o c h ae ta, N em a to d a , N e m e rta a n d P laty h e lm in th es (T urbellaria, p a ra sitic D ig e n e a a n d M o n o g e n ea ); (2) th e c ru sta c e a n s C o p e p o d a, O strac o d a, Isopoda, T a n a id a c e a a n d C u m acea; a n d (3) th e F o ra m inifera.
T h e n u m b e r of g u id e s p u b lis h e d an n u a lly in c re a se d from th e 1950s to 1980s in lin e w ith g e n e ra l p u b lic a tio n tre n d s (Fig. 2) . 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 Publications per year -1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 Decades T h e re g is te r c o n ta in e d p e o p le from 29 E u ro p e a n a n d 9 n o n -E u ro p e a n co u n tries (Table 5 ). T h e n u m b e r of r e s p o n d e n ts w a s h ig h e r from c o u n tries for w h ic h lists of m a rin e biologists h a d p rev io u sly b e e n com piled . O th er c o u n tries h a d fe w e r re sp o n d e n ts, as d id co u n tries w h ic h w e re n o t initially ta rg e te d b y th e p ro ject, in p a r tic u la r th e E a ste rn E u ro p e a n a n d n o n -E u ro p e a n c o u n tries. C o u n trie s w ith th e b e s t c o v e ra g e of taxo n o m ic g ro u p s w e re th o se w h ic h w e re sufficiently re p re s e n te d in p rev io u s lists of ex p e rts. T h e m ajo rity of re sp o n d e n ts sta te d th a t th e y h a d g lo b a l (245) or re g io n a l (375) e x p e rtise , w h ilst only 113 felt th e y w e re lim ited to local e x p e rtise .
T h e a g e s tru c tu re of re sp o n d e n ts sh o w ed y o u n g stu d e n ts w e re clearly d istin g u ish e d from older, re tire d p ro fe ssio n a ls (Fig. 3 , T ab le 6). T he y o u n g e st p e rso n w a s 23 a n d th e eld est 89 yr old. T he a v e rag e ag e w as 47 yr. Of th e re sp o n d e n ts, 80% w e re p ro fe ssio n a ls in th e p u b lic service or a c ad e m ic secto r (T able 6).
A lth o u g h th e re w e re >100 p e o p le w ith e x p e rtise in th e id e n tifica tio n of A rth ro p o d a (largely C ru sta ce a) a n d a lg a e (Table 7) , w e do not k n o w h o w m a n y a re a b le to id e n tify th e m o re taxo n o m ically difficult ta x a w ith in th e se g ro u p s. In o u r d istin ctio n b e tw e e n id e n tifica tio n a n d tax o n o m ic e x p e rtise , w e fo u n d th a t th e re w a s a p o sitiv e re la tio n sh ip b e tw e e n th e n u m b e r of p e o p le w ith e x p e rtise in sp e cie s id en tifica tio n a n d th e n u m b e r of sp e cie s in th e p h y la (Fig. 4) . In co n trast, th e n u m b e r of tax o n o m ic e x p e rts d id n o t c o rre la te as w ell w ith th e n u m b e r of sp e cie s (Fig. 4) . T h e n u m b e r of tax o n o m ic e x p e rts w a s g e n e ra lly lo w er th a n th e n u m b e r of id e n tifica tio n e x p e rts for th e p h y la co m p ared , w ith th e e x c e p tio n of Porifera. T h e n u m b e rs for B ry ozoa, P h o ro n id a a n d P laty h e lm in th es w e re sim ilar for b o th ty p e s of ex p e rts, s u g g e stin g th a t only tax o n o m ic e x p e rts id e n tifie d th e s e taxa.
DISC U SSIO N S p ecies lists
T h e u p d a tin g of ERM S is a co n tin u o u s p ro ce ss as n e w d isc o v erie s a re m a d e a n d n o m e n c la tu re ch a n g e s. T his re q u ire s a m a n a g e m e n t s tru c tu re th a t is s u s ta in a b le in lo n g -te rm r a th e r th a n p ro jec t-b y -p ro je ct m a n a g e m e n t. T hus, a le g a l o rg a n isa tio n w a s e s ta b lish e d b y th e ERM S p ro jec t c a lle d th e 'S o ciety for th e M a n a g e m e n t of E u ro p e a n B iodiversity D ata' (w w w .sm e b d .o rg ) (C ostello 2000b). All p e rso n s w h o m a k e in te lle c tu a l co n trib u tio n s to ERM S a re life m e m b ers, a n d th e y a u th o rise th e society to o w n a n d m a n a g e ERM S on b e h a lf of th e scientific com m unity. M e m b e rs elec t a g o v e rn in g co u n cil th a t a u th o rise s w h e re th e to p -co p y of ERM S is h o ste d a n d ap p o in ts a n e d ito r ial co m m ittee (the ERM S E x ecu tiv e C om m ittee) to m a k e th e d a y -to -d a y d ecisio n s r e g a rd in g a d m in istra tiv e c h a n g e s. T h e society m ay also facilitate th e re sc u e of 'o rp h a n e d ' b io d iv ersity d a ta b a s e s (e.g. w h e re a sci e n tist h a s re tire d a n d th e re is no su ccesso r to m a in ta in th e d a ta b a se ) by fin d in g su ita b le n e w ho sts or m a n a g e rs for th em . No. of species A g lo b a l in v e n to ry of sp e cie s exists for only ab o u t 2 0 % of th e e s tim a te d n u m b e r of d e s c rib e d sp ecies (Bisby e t al. 2004), a n d w e e stim a te th a t th e p ro p o rtio n for m a rin e sp e cie s is n o t m u c h g re a te r. W ithout a co m p lete in v e n to ry of a ta x o n it is difficult for p e o p le to k n o w if th e sp e cim en s th e y look at h a v e a lre a d y b e e n d e sc rib e d . In d ee d , th e tim e ta x o n o m ists sp e n d d e s c rib in g sp e cie s th e y w e re n o t a w a re h a d a lre a d y b e e n d escrib ed , a n d /o r c o rre c tin g su c h m istak es, w o u ld b e sa v e d if taxonom ic n o m e n c la tu re s w e re m o re w id ely a n d rap id ly av ailab le, a n d if n e w sp e cie s w e re p ro m p tly re g is te re d o n th e In te rn e t. If th is w e re do n e, lin k s co u ld b e m a d e to p u b licatio n s, e x p e rts a n d o th e r w eb sites, a n d m ista k e s co u ld b e c o rre c te d q u ic k ly in s te a d of w a itin g d e c a d e s for a n o th e r p a p e r p ublicatio n .
G uides
T h e re a re b o th tax o n o m ic a n d g e o g ra p h ic g a p s in th e av a ilab ility of u p -to -d a te m a rin e sp e cie s id e n tifi ca tio n g u id e s. T h e la rg e , com m on, a n d /o r ecolo g ically sig n ifican t sp e cie s a re c o v e re d in se v e ra l to m an y g u id e s. In co n trast, m a n y of th e sm aller, ra re r or taxon om ically difficult to id en tify sp e cie s a re n o t c o v e re d in an y of th e g u id e s listed. Yet, th e s e sp e cie s m ay b e of g re a t im p o rta n c e to biodiversity, eco sy ste m fu n c tio n a n d m a rin e reso u rce s. A lth o u g h m a n y id e n tific a tio n g u id e s a re a v a ila b le for th o se re g io n s of E u ro p e in w h ic h th e m a rin e f a u n a a n d flora is le a st d iv e rse (the N o rth a n d Baltic Seas), th e re a re co n sid erab ly fe w e r g u id e s for th o se re g io n s of E u ro p e in w h ic h th e m a rin e fa u n a a n d flora is m ost d iv e rse (the M e d i te rra n e a n , th e A tlantic arc h ip ela g o s, th e d e e p sea). T hus, th e taxonom ic a n d g e o g ra p h ic g a p s th a t m ost u rg e n tly re q u ire a tte n tio n a re th e sm aller siz ed ta x a in th e so u th e rn E u ro p e a n se as (both A tlan tic a n d M e d ite rra n e a n ).
A lth o u g h th e n u m b e r of g u id e s p u b lis h e d h a s in c re a s e d since th e 1940s, so h as th e n u m b e r of scientific p u b lic atio n s in g e n e ra l. F rom th e 1930s to 1990s, our d a ta sh o w ed a n 88 % in c re a se in th e n u m b e r of id e n ti fication g u id e s. H ow ever, sim ilar in c re a se s of 89 a n d 92 % for m a rin e p u b lic atio n s o n am p h ip o d c ru sta c e a n s (C ostello e t al. 1990) a n d biology p erio d icals in Ire la n d (Kelly & C ostello 1996), resp ectiv ely , a n d m a rin e p u b lications in 'A quatic S cien ces a n d F ish eries A b stracts' (M o u stak as & K arak assis 2005) su g g e st th a t th e n u m b e r of id e n tifica tio n g u id e s h a s not in c re a s e d re la tiv e to o th e r m a rin e biology p u b lic atio n s (Fig. 2) . O n e re a s o n w h y few er id en tifica tio n g u id e s a re b e in g p ro d u c e d is th a t ev a lu a tio n s for c a re e rs a n d fu n d in g rely stro n g ly o n im p a ct factor, w h ic h favours m u ltip le p u b lic atio n s in jo u rn a ls r a th e r th a n as b o o k s or v o lu m es in series.
Id en tificatio n g u id e s a re n o t o nly im p o rta n t as a r e so u rce, b u t also b e c a u s e th e y e n a b le m a n y m o re sc ie n tists to b e g in to re c o g n ise a n d stu d y p rev io u sly little k n o w n sp ecies. T hus, p lo ts of th e a c c u m u la te d ra te of d isc o v ery of m a rin e sp e cie s (e.g. C ostello et al. 1996) h a v e a sigm oid sh a p e, from little d isco v ery in th e early sta g es, to ra p id d isco v ery o n ce som e g u id e s h a v e b e e n p u b lish e d , a n d th e n d e c re a s in g ra te s of d isco v ery as th e ta x a b e c o m e w ell k n o w n . U n fo rtu n ately , for E u ro p e a n m a rin e sp e cie s as a w h o le, th e s e d isco v ery ra te s a re still in th e se co n d sta g e, a n d th e p o in t at w h ich all sp e cie s w ill b e d e s c rib e d is still n o w h e re in sig h t (M. J. C ostello u n p u b l. d ata).
E xpertise
It is difficult to assess e x p e rtis e w h e th e r b y selfe v a lu a tio n or b y p e e r ev a lu a tio n , b e c a u s e p e o p le ca n o nly assess b a s e d o n w h a t th e y k n o w a b o u t th e lim ita tio n s of th e ir o w n skills a n d th e skills of o th ers, a n d th e se v iew s m ay differ acro ss tax o n o m ic g ro u p s (e.g. n o t m a n y p e o p le d e sc rib e n e w sp e cie s of m am m als a n d birds). A n id en tifica tio n e x p e rt in ta x a th a t a re difficult to id en tify m ay h a v e m o re skills th a n a tax o n o m ic e x p e rt in a sp e cie s g ro u p w ith a few easily id e n tifie d sp ecies. D esp ite th e s e p ro b lem s, it w a s p o s sib le to assess th e re la tiv e a b u n d a n c e of id e n tifica tio n a n d tax o n o m ic e x p e rts in E u ro p e a n m a rin e sp ecies. It w a s also p o ssib le to id en tify th a t g a p s do ex ist in id en tificatio n a n d taxonom ic e x p e rtise w ith re sp e c t to E u ro p e a n m a rin e sp ecies, a n d th a t fu rth e r w o rk sh o u ld b e fo cu sed w h e re g a p s exist.
O u r resu lts, w h ic h g a v e an a v e ra g e a g e of 47 yr for e x p e rts in th e id en tifica tio n of E u ro p e a n m a rin e s p e cies, su p p o rts W in sto n 's (1988) v ie w th a t a n a v e ra g e a g e of 44 for tax o n o m ists in a US su rv ey w a s a n u n d e r e stim a te d u e to in clu sio n of stu d e n ts. H o w ev er, o u r su rv ey p ro b a b ly u n d e r-sa m p le d y o u n g e r scien tists (Fig. 3 ) b e c a u s e th e y a re less w ell-k n o w n a n d m o re m o bile, a n d d o es n o t su p p o rt W in sto n 's (1988) v ie w th a t th e ir a v e ra g e a g e m ay b e clo ser to 54. N e ith e r d o e s it su g g e s t th a t m ost tax o n o m ists w ill b e re tirin g w ith in th e n e x t 10 yr.
For ta x a th a t a re c o n s id e re d to h a v e a rela tiv e ly c o m p lete list, th e n u m b e r of id e n tifica tio n e x p e rts for e a c h g ro u p w a s h ig h e r th a n th e n u m b e r of tax o n o m ic e x p e rts. H ow ever, in som e p h y la (e.g. Porifera), classes a n d o rd ers, m o re tax o n o m ic e x p e rts th a n id e n tifica tio n e x p e rts w e re listed. W h e n th e n u m b e r of id e n tific a tio n e x p e rts or ta x o n o m ists is sim ilar, it su g g e sts th a t o nly tax o n o m ists w o rk o n th e se g ro u p s, a n d th a t th e y a re n o t w id ely s tu d ie d b y eco lo g ists (we a ssu m e th a t th e m ajo rity of n o n -tax o n o m ist sp e cie s id e n tifica tio n e x p e rts a re ecologists). In th e c a se of re a d ily id e n tifi a b le ta x a it m ay b e co rrec t to a ssu m e th a t all ta x o nom ic e x p e rts w e re also id en tifica tio n ex p e rts, w h ile a n u m b e r of id e n tifica tio n e x p e rts w o u ld n o t b e ta x o n o m ists. H ow ever, in th e c a se of ta x a th a t a re difficult to id e n tify w ith o u t th e u se of sp e c ia lise d te c h n iq u e s (e.g. Porifera), th is m ay n o t b e th e case, a n d th e n u m b e rs of tax o n o m ic e x p e rts a re closer to th e n u m b e r of id en tifica tio n ex p e rts.
T h e a g e d istrib u tio n d id n o t in d ic a te a n y im m i n e n t ex tin ctio n of id e n tifica tio n e (D iversitas 2000) . N ew sp ecies re p o rte d in th e o n lin e Z oological R ecord in 2002 a n d 2003 in c lu d e 118 from off th e co asts of so u th e rn E u ro p e (M e d ite rra n e a n , B lack Sea, Iberia, C a n a ry Islands, A zores, M ad eira), 88 from th e A tlantic coasts of w e s te rn E u ro p e, a n d 36 from A rctic E u ro p e. H o w ever, 36% of th e M e d ite rra n e a n sp e cie s w e re d e s c rib e d from Italy, a n d 25% of th e A tlantic sp ecies from S pain, illu stra tin g th e re la tiv e s tre n g th of ta x o n om y in th e s e co u n tries. T his m ay b e a n in d ic atio n th a t th e g e o g ra p h ic m ism atch b e tw e e n sp e cie s rich n e ss a n d th e n e e d for tax o n o m ic effort h a s b e g u n to b e a d d re s s e d in E uro p e.
C o llection s
Both la rg e a n d sm all collections of m a rin e sp ecies sh a re d a com m o n p ro b le m -insu fficien t re so u rc e s for p ro p e r m a in te n a n c e (Legakis & E m blow 2003) . M ost (64 %) of th e collections w e re in c o m p le tely ca ta lo g u ed , a n d only 10% h a d th e ir c a ta lo g u e in e lec tro n ic form (Table 8 ). N ew fu n d in g is th e re fo re e sse n tia l if th e k n o w le d g e in c lu d e d in th e collections is to b e avail-T ab le 8. P re se n c e a n d e x te n t of c o v e ra g e of collectio n c a ta lo g u e s in p a p e r a n d e le ctro n ic (co m p u terised ) fo rm (d a ta a b le on th e In te rn e t. A lm ost h alf th e co llectio n s h a d sp e c im e n s from a ro u n d th e w orld, a n d m a k in g in fo r m a tio n from co llectio n s av a ila b le th ro u g h th e In te rn e t w o u ld h e lp sh a re a n d r e p a tria te th is k n o w le d g e to th e so u rce co u n tries. S o u rc in g ty p e sp e cim en s th ro u g h o n lin e d a ta b a s e s w ill fac ilita te th e p ro d u c tio n of g u id e s a n d tax o n o m ic train in g . C o llectio n m a n a g e rs sh o u ld in c lu d e e le c tro n ic d a ta b a s e s as p a r t of th e ro u tin e m a n a g e m e n t of th e ir co llectio n s a n d se e k sp e cia l fu n d in g to h e lp in te g ra te p a st co llectio n k n o w le d g e in to su c h d a ta b a se s, as d e m o n s tra te d by M a rtin e t al. (2004) .
CONCLUSIO NS
A p rio rity for fu rth e r in fra stru c tu re re s e a rc h sh o u ld b e th e p ro d u c tio n of g u id e s for th e id en tifica tio n of sp ecies, e sp ec ially th o se ta x a p rio ritise d in th e p re s e n t study. T h eir p re p a ra tio n w ill re q u ire in c re a se d f u n d in g of tax o n o m ic re s e a rc h into a re a s of E u ro p e a n se as w h e re m ost sp e cie s h a v e y et to b e d escrib ed . F u n d in g m ay b e d irec t, su c h as th ro u g h th e US N atio n al S cie n ce F o u n d a tio n 's PEET (P a rtn e rsh ip s for E n h a n c in g E x p ertise in T axonom y) p ro g ra m m e , or in d irect, th ro u g h ecological, fisheries, in fo rm atics a n d m o le c u la r re s e a rc h p ro jects, in c lu d in g fu n d s for th e n e c e s sa ry su p p o rtin g tax o n o m ic re s e a rc h a n d in fra stru ctu re . T his w ill h a v e th e 2 -fold b e n e fit of p ro v id in g e m p lo y m e n t for ta x o n o m ists to p ro d u c e th e g u id e s, a n d th e g u id e s w ill e n a b le m a n y o th e rs to b e tra in e d to iden tify a n d w o rk w ith th e sp e cie s co v ered . T h e se g u id e s sh o u ld n o t o nly illu strate a n d d e sc rib e th e sp ecies, b u t re v ie w ex istin g k n o w le d g e o n th e ir h a b ita t a n d d is tri b u tio n (e.g. as d o n e b y th e S y n o p ses of th e British F a u n a at p rese n t). T his in fo rm atio n sh o u ld b e a v a il a b le elec tro n ica lly a n d h e lp e x te n d th e ERM S sp e cie s re g is te r into a sp e cie s in fo rm atio n system . T h ese g u id e s co u ld b e p u b lis h e d o n th e In te rn e t, a co m p act disc, a n d /o r as a book. T h e a d v a n ta g e of elec tro n ic p u b lic a tio n is th a t sp e cie s id en tifica tio n is p o ssib le th ro u g h elec tro n ic k ey s th a t c a n b e m o re u se r-frie n d ly a n d fu n ctio n al th a n tra d itio n a l p a p e r keys. T hus, 'b io d iv e rsity in fo rm atics', th e u se of in fo rm atio n te c h n o lo g y in b io d iv e rsity d a ta m a n a g e m e n t, m u st jo in m o le cu lar te c h n iq u e s (e.g. D N A bar-co d in g ) as a n e w tool in taxonom y. Inform atics a n d m o le cu lar tools a re n o t a lte rn a tiv e s to taxonom y. T h e n e e d to id en tify s p e cies in p rac tica l w ay s still re q u ire s taxonom ic d e s c rip tions a n d im ag es, ty p e sp e cim en s as s ta n d a rd s for co m p a ra tiv e analysis, a n d a sp e cie s n a m in g sy stem th a t e n a b le s co m m u n ic atio n of 'w h a t it is'. B iodiversity inform atics c a n in c re a se th e visibility a n d availab ility of taxonom ic k n o w le d g e a n d its asso c ia te d d a ta , th e r e b y fac ilita tin g m o re cost-effectiv e u se of reso u rce s.
A cknow ledgem ents. T h e ERM S p ro jec t w as p a rtially fu n d e d b y th e E u ro p e a n C o m m issio n M a rin e S c ien c e a n d T ech n o lo g y (MAST) re s e a r c h p ro g ra m m e (Project N u m b e r M A S3-C T 97-0146). W e th a n k th e m a n y p a rtic ip a n ts in ERM S for th e ir collab o ra tio n a n d su p p o rt, a n d C am ilo M ora, G o rd o n P a tte rso n , C h risto s A rv a n tid is, D a p h n e F a u tin , Y annis K arak a ssis a n d a n o n y m o u s r e fe re e s for h e lp fu l c o m m en ts on th is p a p e r. (2000) Im p le m e n tin g th e GTI: re c o m m e n d a tio n s from D iv ersitas core p ro g ra m m e E le m e n t 3, in c lu d in g a n a sse ssm e n t of p re s e n t k n o w le d g e of k e y sp e c ie s g roups.
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